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Abstract 

A major revision of the CFP for the period 2013-2022 was the introduction of a landing obligation (LO) of 

all fish caught. Contrary to f. ex. Norway, Iceland and the Faroe Islands the EU has conducted a regime 

where it was forbidden to keep fish below a certain size on board the vessel whether or not it was profitable 

to market the fish. Without notice to the legal rules the reasons for discarding fish and the problems involved 

were identified at conferences organized by FAO in the beginning of the 90'es mainly from a biological and 

technical point of view. The paper presents a small non-linear programming model including two fleets and 

two species with fish above and below the minimum size. The aim is to obtain an understanding of the 

economics of the LO in a simple way. The model is used to investigate the economic consequences for a 

number of scenarios ranging from open access to highly managed fisheries e.g. in terms of ITQ. It is shown 

that properly managing fisheries is more important, from an economic point of view, than the 

implementation of the LO. 

 

Background and purpose 

In 2015 the European Union adopted a landing obligation (LO) implying that all catches of fish subject to 

quota management must be landed. The purpose of the presented work has been to investigate how the 

development from open access to management with individual transferable quotas affects catches of fish 

smaller than a reference size and the profitability of the industry, without and with the landings obligation 

implemented. A standard non-linear programming bio-economic model has been applied, supplemented by 

illustrative numerical examples with hypothetical parameter values. Four types of management have been 

assessed: open access, total allowable catches (TAC), individual transferable quota (ITQ) and economically 

optimal fishery (OPF).  

The model 

The model is initially an open access model in which gross revenue equals total costs. The control variables 

of the model are the number of days at sea per vessel in the short run (TAC-scenario) and the number of 

vessels and number of days at sea per vessel in the long run (ITQ-senario). In the OPF-scenario the model is 

additionally allowed to estimate the optimal fish stock sizes. The model includes two fleets catching three 

species, of which one is a target species and the other is a non-target species for each fleet. When constant 

fish prices and constant marginal effort costs are assumed, the total profit is given by 

𝜋 = ∑ {[∑ 𝑝𝑖,𝑗ℎ𝑖,𝑗 + 𝑜𝑖,𝑗𝑘𝑖,𝑗ℎ𝑖,𝑗 + 𝑢𝑖,𝑗𝑙𝑖,𝑗ℎ𝑖,𝑗
𝑀
𝑖=1 ] − (𝑐𝑗𝑑𝑗 + 𝑓𝑗)𝑉𝑗}𝑁

𝑗=1 = 0  for all j  (1) 

Here, ℎ𝑖,𝑗 is the harvest of target species i (i=1,…,M) above the reference landing size taken by fleet j 

(j=1,…,N), evaluated using a Cobb-Douglas function. Additionally, fleet j may harvest a number of species i 
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below the reference landing size. This amount is assumed to be proportional to ℎ𝑖,𝑗 with proportionality 

factor 𝑘𝑖,𝑗 . Moreover, unintended bycatch may occur, which is again assumed to be proportional to ℎ𝑖,𝑗 by 

factor 𝑙𝑖,𝑗. This assumption implicitly entails that large and small fish, together with the unintended bycatch, 

live among each other and cannot be separated by the fishing gear technology. The price of target species i 

above the reference landing size taken by fleet j is given by 𝑝𝑖,𝑗, while the net price (landing price minus 

extra landing costs) of species i below the reference landing size is 𝑜𝑖,𝑗, and the net price of unintended 

bycatch is 𝑢𝑖,𝑗. �̅� = (𝑑1, 𝑑2, … , 𝑑𝑁) is the vector of days at sea per vessel, and �̅� = (𝑉1, 𝑉2, … , 𝑉𝑁) is the 

vector of number of vessels in each segment. 𝑐𝑗 is the variable costs per day at sea, and 𝑓𝑗 is the fixed cost 

per vessel in fleet segment j. 

First, the model is constructed to simulate bioeconomic equilibrium in an open access fishery. Second, the 

model is used to investigate fishermen’s behaviour when quota restrictions are introduced.  From a welfare 

economic point of view, the rationale for using quotas is to increase the fish stock abundance and thus the 

opportunities for higher catches in the long run. Third, ITQs are introduced into the model.  

In a social optimum, the model maximizes the total profit, Π, of a given fishery, including j=1,…,N fleets 

(N=2 in the present context) catching i=1,…,M (M=2 in the present context) species, through the variation of 

the fishing effort (fishing days and in the long term number of vessels) of each fleet:  

Π = 𝑚𝑎𝑥�̅�,�̅�,�̅� 𝜋 = 𝑚𝑎𝑥 ∑ [∑ 𝑝𝑖,𝑗ℎ𝑖,𝑗 + 𝑜𝑖,𝑗𝑘𝑖,𝑗ℎ𝑖,𝑗 + 𝑢𝑖,𝑗𝑙𝑖,𝑗ℎ𝑖,𝑗
𝑀
𝑖=1 ]𝑁

𝑗=1  −(𝑐𝑗𝑑𝑗 + 𝑓𝑗)𝑉𝑗                                 (2) 

The allowed yearly landing (quota) of species i is assumed to be given by the recruitment growth, i.e., by the 

first term on the left-hand side of equation (3). The landing is either the harvest of fish above the reference 

size (with no landing obligation) or the harvest of all fish above and below the reference size (given the 

landing obligation). Thus, the following constraints are included in the model: 

∑ (1 + 𝑙𝑜 ∙ 𝑘𝑖,𝑗) ∙ ℎ𝑖,𝑗
𝑁
𝑗=1 ≤ 𝑄𝑖    ;      𝑄𝑖 = 𝑎𝑖𝑋𝑖(1 − 𝑏𝑖𝑋𝑖)                                                                               (3) 

where lo is a switch given by 

𝑙𝑜 = {
1 ; 𝑙𝑎𝑛𝑑𝑖𝑛𝑔 𝑜𝑏𝑙𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑖𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑒𝑑

0 ; 𝑑𝑖𝑠𝑐𝑎𝑟𝑑𝑠 𝑎𝑙𝑙𝑜𝑤𝑒𝑑                                    
                                                                                            (4) 

The model includes two target and one non-target species, which do not interact (i.e., no prey-predator 

relationship). The species are caught simultaneously by two different fleets that interact as one fleet’s catches 

impact the other fleet’s catches. That is, no biological interaction is assumed, but an economic interaction is 

assumed. Each target species is divided into two classes: fish that are landed and fish that are discarded. For 

simplicity, these fish are denoted as those above and below the reference size. The model includes a non-

target species, which allows investigations of the impact on the fishery if there is a discard ban on non-target 

species. The two fleets are assumed to reflect a trawl fleet (fleet 1) and a gillnet fleet (fleet 2) catching, e.g., 

cod (species 1) and plaice (species 2) in different proportions. Both fleets catch fish below the reference size 

in a fixed proportion to the fish above the reference size, and they catch non-target species in a fixed 

proportion to their primary target-species. 

The parameter values used to calibrate the model entail that for each fleet the total cost equals gross revenue 

in the open access scenario. Fleet 1 lands 89% of total species 1 landings and 20% of species 2 landings. The 

discard rates for fleet 1 are 10% of fleet 1 landings of species 1 and 50% of species 2 landings. Fleet 2 

discard rates are 10% of species 1 and 20% of species 2 landings of fleet 2. For the non-target species the 

discard share is 10% of each of the fleets’ target species, all measured in weight. 

Scenarios 

Table 1 outlines the analysed scenarios. In the scenarios, a distinction is made among Total Allowable Catch 

(TAC), Individual Transferable Quotas (ITQ) and an Optimal Fishery (OPF). In the TAC scenarios, effort is 
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scaled down proportionally by an equal amount for both fleets until the total landings are below the TACs 

for both species, i.e., the fishery is stopped once the most binding quota is reached. In the case of no LO, it is 

as such only the landings of fish above the reference size that are restricted below the TACs, while it is the 

landings of fish both above and below the reference size that are restricted below the TACs in the case where 

the LO is implemented. In the ITQ and OPF scenarios, the total profit from the fishery is maximized. In the 

ITQ scenarios, this is performed by varying effort and capacity (days at sea and number of vessels) subject to 

constant stock abundances, i.e., constant quota. In the OPF scenario, profit is maximized subject to resource 

restriction, i.e., by varying effort, capacity and fish stocks. In the ITQ scenarios, the general quotas are the 

same as in the TAC scenarios because the fish stocks, and thus growth, are not changed. The TACs vary in 

the OPF scenarios as the stocks vary. 

Table 1. Scenarios analysed  

Management 

scenario 

No landing 

obligation (NO) 

Landing obligation (LO) 

 No cost at discard Price=0.2 € equal to fish 

for fishmeal and –oil, no 

extra landings costs (no 

LandC). 

Price=extra 

landings costs 

(LandC=Price) 

Price<extra 

landings costs 

equal to 0.5 € 

(High LandC) 

Open access + Na Na Na 

TAC TAC1 TAC2 TAC3 TAC4 

ITQ ITQ1 ITQ2 ITQ3 ITQ4 

OPF OPF1 OPF2 OPF3 OPF4 

 

Results 

Figure 1 displays the total profit for the fishery together with the profits of each fleet for each of scenarios 

TAC1-OPF4. The figures first show that the profits, on both industry (total) and fleet levels, are all 

significantly lower in the TAC scenarios than in the ITQ and OPF scenarios. Thus, profit increases and 

catches of fish above and below the reference size fall at the individual fleet level and for the overall 

outcome of the fishery by introducing ITQ management, both when discards are allowed (no LO) and when 

all must be landed (LO implemented). Second, it is observed that compared with the transfer from TAC to 

ITQ management, the introduction of the LO under ITQ management only has a small influence on the 

profitability of the total fleet and on the individual fleet segments. The reason for this in the present context 

is that when the fishery has transferred to ITQs, the quotas will not be fully utilized.  

Figure 2 displays the quota utilization for the two species in each of scenarios TAC1-OPF4. It appears that in 

the TAC scenarios, species 2 chokes, i.e., determines when the fishery is stopped. In the TAC case, the quota 

of species 2 is fully utilized even before the introduction of the LO; thus, when the LO is introduced, an 

amount of species 2 above the reference landing size must give room to the previous discard below the 

reference landing size. Thus, effort is decreased given that the fishery must now stop when the catch of both 

over- and undersized fish reaches the quota limit. In the case of no LO, the fishery first stopped when the 

catch of oversized fish alone reached the quota. Moreover, the revenue is lowered as undersized/unwanted 

fish collect a lower price than fish above the minimum size. However, it is observed that when the cost of 

landing unwanted species is zero, the profit still increases slightly in the TAC case (cf. figure 1) because the 

reduction in costs (given the reduction in effort) is larger than the reduction in revenue. 
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Figure 1. Profit at industry level and at vessel level for each of the scenarios, TAC1-OPF4 
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Figure 2. Quota utilization for each of the two species in each of scenarios TAC1-OPF4 

 

In the ITQ case, a slight increase is also observed in the overall fleet profit when the LO is introduced but 

when there are no costs of landing undersized/unwanted species. The reason for this is that in the ITQ case, 

the quotas of neither of the two species are fully utilized, i.e., when fleets do not have to race to fish, 

fishermen’s behaviour will be the optimization of profit rather than landings value. Then, it is not always 

optimal to catch the full quota shares. Thus, in the present case, the quotas of neither species 1 or nor species 

2 are fully utilized before the landing obligation is introduced. In the ITQ case when the LO is implemented 

(ITQ2), there is therefore room within the quotas to land undersized/unwanted fish and to obtain money for 

them. This in turn means that the total profit of the fishery increases. However, as each vessel fishes at 

maximum effort in the ITQ case (given that the capacity has adjusted to the lowest level to minimize fixed 

costs), the individual vessel profit stays the same in this case, while the additional profit is used to invest in 

extra capacity (number of vessels). The total profit decreases when the cost of landing undersized/unwanted 

fish increases, resulting in fewer vessels, while the individual vessel profit stays constant. 

As discussed above, the quotas are no longer binding in the ITQ case. In this case, the fishery stops when the 

marginal profit becomes negative. In our model, this effect is clear, but empirical evidence suggests that this 

effect may also occur in actual fisheries, e.g., in Denmark, where ITQ management is applied and where 

there is a tendency not to fully exhaust the quotas. 

If the quotas are not binding, the stock abundances will grow. In reality, many countries and fleets share the 

same stocks. Therefore, all countries and fleets – and not only the fleets for which the quotas are not 

exhausted – will benefit. In our model, this problem is disregarded. The change in the stocks in the long run 

will continue to the points where the supranormal profit (resource rent) is maximized. In the model, this 

leads to the stock abundance of species 1 and 2, which more than doubles. However, this does not 

necessarily mean the natural growth determining the quotas changes in the same amount, as the growth 

functions are assumed to be logistic. The increase in stock abundance increases the catch rates per unit effort. 

This situation reflects a welfare economic equilibrium (MEY). Stability requires that there be full knowledge 

about stock growth, prices, costs, species composition catches and how to transform this information into 

quotas. If the quotas are not set correctly, the equilibrium is not stable. 

Summary and conclusion 

 

The landing obligation has been investigated for three management scenarios: total allowable catches (TAC), 

individual transferable quotas (ITQ) assuming constant stocks, and optimal fishery (OPF) with variable 

stocks. These three scenarios are prepared to show the development and the impact of fishery management. 

It is observed that there is a significant increase in fleet profitability when moving from TAC (race to fish) to 
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ITQ management. Moreover, it is observed that when a fishery is managed by ITQ, the quotas are not 

necessarily restrictive. Rather, it is economic rules, such as marginal profit, that determine the effort and 

catches, particularly when stock abundances are not allowed to adjust. Finally, it is observed that a move 

from general quotas to ITQ management implies a much higher profit change/increase and change in discard 

than the introduction of the landings obligation. For all management scenarios, the landing obligation has 

little impact on the profitability even in the worst case, where the landing costs of previously discarded fish 

are relatively high. Hence, incentives to non-comply with the regulation are small. 

As the quotas are not restrictive in the ITQ case, changes in the fishery given the introduction of the landing 

obligation are caused by changes in costs associated with the landing of fish below the reference size. 

Therefore, adjustments take place for economic reasons rather than for biological reasons. As economic 

performance is important for the adjustment caused by the landing obligation (restriction), fleets with poor 

profitability are more vulnerable than fleets with good profitability. Therefore, initiatives to reduce these 

costs and utilize fish previously discarded are fruitful. Generally speaking, the adjustment of the industry is 

complex, but the management flexibility embedded in the ITQ/OPF management allows the fishery to adjust 

in such a way that the landing obligation has little impact of the profit of the industry. 


